3GPP TSG RAN WG1 #100
R1-2001274
e-Meeting, February 24th – March 6th, 2020
Agenda item:

5.1
Source:
China Telecom
Title:
[100e-5.1LS-TxSwitching-02] Email discussion/approval on remaining issues on PUSCH preparation procedure
Document for:

Discussion and Decision
1      Introduction
In [1], open issues are summarized for Tx switching between two uplink carriers from RAN1 perspective. As per the guidance of Chairman, following issues are identified for email discussion/approval during RAN1 #100 e-meeting:

· [100e-5.1LS-TxSwitching-01] Email approval of 38.214 CR as in R1-2000792 by 2/25 – Mihai (Nokia)

· [100e-5.1LS-TxSwitching-02] Email discussion/approval on remaining issues on PUSCH preparation procedure (e.g., length of additional time, judgement condition on increment of time, etc.) and conclude by 02/28; if there is a spec impact, followed up by endorsing the corresponding TP by 3/3 – Jianchi (CT)

· [100e-5.1LS-TxSwitching-03] Email discussion/approval on remaining issues on inter-band UL CA, including:

· The related issue and solutions w.r.t. the condition of the presence of the switching period, including mapping between UL transmission ports and Tx chain, switching mechanism, UL phase, support of codebook/non-codebook based PUSCH transmission, etc.

· Clarification on handling of transmission collision between 1Tx transmission on carrier 1 and 2Tx transmission on carrier 2 for configured transmission.

and conclude by 2/28; if there is a spec impact, followed by endorsing the corresponding TP by 3/3 – Jianchi (CT)

· [100e-5.1LS-TxSwitching-04] Email discussion/approval on remaining issues on inter-band EN-DC without SUL, including

· The related issue and solutions w.r.t. the condition of the presence of the switching period, including mapping between UL transmission ports and Tx chain, TDM pattern, switching mechanism, etc.

· Handling of transmission collision between 1Tx transmission in LTE and 2Tx transmission in NR.

and conclude by 2/28; if there is a spec impact, followed by endorsing the corresponding TP by 3/3 – Jianchi (CT)

This is email discussion thread #2 to discuss remaining issues on PUSCH preparation procedure.
2      Discussion on additional time for PUSCH preparation procedure
Issue #1: The length of the additional time for PUSCH preparation procedure.

In RAN1 #99, the following agreements were reached:

· If the UL switching period does not exist, additional time is not needed for PUSCH preparation procedure.

· If the UL switching period actually exists due to Tx switching
· Additional time is needed for PUSCH preparation procedure time.

· The length of the additional time will be decided in next RAN1 meeting.

Proposal: 

· The length of the additional time for PUSCH preparation procedure equals to the length of UL switching period.

Companies are invited to provide views on the above proposal.

	Companies
	Support or object
	Comments

	ZTE
	
	Whether the PUSCH preparation time can be embedded into the switching period mainly depends on UE implementation.  To reduce the overhead for Tx switching, it is desirable if UE can support this.  If so, we can define the PUSCH preparation time as max {Tproc,2, UL switching period}.

	Huawei, HiSilicon
	Support
	It has been agreed last meeting that additional time is needed for Tproc,2, and agreed to determine its value this meeting. Thus, just a kind reminder, max {Tproc,2, UL switching period} was proposed last meeting and was agreed not an option any more.

	OPPO
	Support
	The proposal of max {Tproc,2, UL switching period} is not sufficient in some case. The total time depends on the relative timing of UL transmission in one carrier and UL grant reception for the other carrier. 
FL’s proposal is a general solution for all kind of cases. 

	MediaTek
	Support
	

	Nokia
	Object
	It is not acceptable to agree to additional UE processing time or times without discussing the actual numbers. The explanation for why RF transient impacts BB processing has not been provided in the first place. As we have stated before, there should not be more than 1 switching gap length that we can design the system for, but in the possible case that this is subjected to UE capability, it is not acceptable to automatically inherit this switching gap UE capability to become also PUSCH preparation time UE capability.

	Samsung
	Support
	We agree with ZTE’s comment that the additional time due to UL switching period may depend on UE implementation whether the PUSCH preparation time can be embedded into the switching period or not. Thus, it is required to support that the length of the additional time for PUSCH preparation procedure equal to the length of UL switching period.

	Qualcomm
	Support
	The preparation time should be Tproc,2 measured from the start of the transient time corresponding to the applicable allowed switch boundary (when UL switching is required), where the transient time is rounded up to the closest earlier symbol boundary.  

	Ericsson
	
	Additional PUSCH preparation time should not be larger than length of UL switching period. We are open to smaller number (i.e., separate capability from switching period as suggested by Nokia).

	vivo
	Fine with the proposal
	


Issue #2: Clarification on the judgement condition on an increment of PUSCH preparation procedure time.
For the sake of judgement on whether switching period is needed and whether additional time is needed for PUSCH preparation procedure, network needs to know the initial state of Tx chains after Tx switching is activated by RRC and the state of Tx chains in case of no UL transmission.
· Initial state of Tx chains after Tx switching is activated by RRC

· Option 1: Case 1, i.e., 1 Tx on carrier 1 and 1 Tx on carrier 2, is assumed as the initial state of Tx chains after Tx switching is activated by RRC.

Proposal:
· Case 1, i.e., 1 Tx on carrier 1 and 1 Tx on carrier 2, is assumed as the initial state after Tx switching is activated by RRC.

Companies are invited to provide views on the above proposal.

	Companies
	Support or object
	Comments

	ZTE
	Support
	We support 1 Tx on carrier 1 and 1 Tx on carrier 2 as the initial state after Tx switching is activated or reconfigured by RRC.

	Huawei, HiSilicon
	
	We understand the good value of the scenario and thank for bringing it up. But we don’t feel the proposal is helpful, may need more clarifications, because
· What the network need to know is when to set a switching gap by scheduling and when to schedule with a larger K2 to match with the increment of T_proc,2. For this purpose, whether uplink switching is triggered or not has provided the information for the network. For example, if the network always schedule the same uplink, both the network and the UE know no gap and no increment of T_proc,2, otherwise, there are a gap and an increment. Even the network is not aware of the exact timing when the UE applies the RRC configuration, the network can always schedule the same uplink carrier to avoid any ambiguity.
· However, with the proposal, the network gets additional ambiguity when it keeps scheduling the same uplink because the network is not aware of the exact timing when the UE turns into the 1Tx+1Tx default mode.
Therefore, our proposal is,

At least for SUL, follow the agreements and take whether uplink switching or not as the condition for switching gap and the increment of uplink switching.

We provides multiple examples in figure 1 of [11] to illustrate uplink switchings, your comments are welcome.
For this issue#2, in our understanding, a better solution is proposed as,

Confirm that the judgement condition on which a switching period or an increment of PUSCH preparation procedure time are needed can be simplified as whether the last transmission occasion occurred on a different uplink from the current transmission.

	OPPO
	
	Seems not necessary to discuss the issue. During the procedure of RRC (re-)configuration, there will be UL transmission in PHY at least in one carrier. Thus the initial state depends on the previous UL transmission. 

	MediaTek
	
	Not sure why this initial condition definition is needed.

Additional PUSCH preparation time is needed only when there is an UL switching gap between the scheduling DCI and the scheduled PUSCH.

Since gNB and UE can obtain such information based on their judgement on when the UL switching gap should be applied, no other application conditions, in addition to the conditions for the UL switching gap, are needed specifically for PUSCH preparation time.

	Nokia
	Object
	The initial state of the uplinks depends on what the uplinks have been scheduled/configured to transmit. We don’t see the necessity of defining the initial state.

	Qualcomm
	
	For memory-based switching, there is some benefit in specifying an initial state, even if choosing it is arbitrary. We prefer Case 1 as the initial state.

	Ericsson
	
	It is unclear if there is a need to specify such initial state. So, first good to discuss that point. OK with assuming ‘1 Tx on carrier 1 and 1 Tx on carrier 2’ as the initial state if there is a need

	vivo
	
	The necessity of defining initial state seems not clear. If needed, can be discussed later when other relevant issues are solved. 


· State of Tx chains in case of no UL transmission

· Option 1: The state of Tx chains of last UL transmission is assumed in case of no UL transmission.

· Option 2: Case 1, i.e., 1 Tx on carrier 1 and 1 Tx on carrier 2, is always assumed in case of no UL transmission.

· Option 3: If network does not know the state of Tx chains in case of no UL transmission, network always assumes switching period is needed for the next UL transmission.

Companies are invited to provide views on the above options.

	Companies
	Preferred option
	Comments

	ZTE
	Option 1 (Preferred)

Option 2 (acceptable)
	This option has the benefit of avoiding unnecessary switching period when the switching period is configured in the 2-port carrier or when there is any potential DL interruption.  Although this has slight complexity increase, it can be understood that SUL scheme also is based on memory based. It is preferable to align to have memory based scheme for CA as well.  However, it is also acceptable to us if majority prefers memory-less solution if it only requires UE to return to default Case1 after a Case2 UL phase (instead of every transmission).

	Huawei, HiSilicon
	Option 1
	Option 1 is simple for both gNB and UE and has been agreed for SUL as the following agreement. Option 2 requires additional switching period for falling back to a so called default mode, which is not in line with the agreement for SUL

· The switching period is only applicable when the scheduled UL transmissions are switched between 1Tx carrier 1 and 2Tx carrier 2.

· For each UL transmission occasion on a carrier, the existence of the switching period is determined one time every occasion.

For SUL, option 3 is not in line with the above agreement.

	OPPO
	Option 1
	

	MediaTek
	Option 1
	

	Nokia
	Option 1
	

	Samsung
	Option 1
	The option 1 is preferred for the state of Tx chains in case of no UL transmission for both gNB and UE.

	Qualcomm
	Option 1, Option 2
	Regarding whether option 1 or option 2 should be adopted in RAN1, it should depend on whether UL switch has impact on DL transmission (on the FDD DL carrier and/or on the TDD carrier), which is a study performing by RAN4 and the outcome is unknow at this stage. If the DL transmission (on the FDD DL carrier and/or on the TDD carrier) is impacted by the UL switch, then option 2a should be adopted because option 2a reduced the number of UL switches between case 1 and case 2. Hence it minimizes impact to DL transmission. However, if DL transmission is not impacted by UL switch, then option 2b can be adopted, because it simplifies UL implementation at UE and it is more robust to state transition error. 

Another solution is to allow both option 2a and 2b in RAN1 specification as two operation modes. Based on UE’s architecture and Tx/Rx chain implementation, UL switch may have impact to DL transmission at UE A. However, on a different UE B, UL switch may have no impact to DL transmission at UE B, because UE A and UE B are build based on different implementations. Therefore, UE should report its capability on UL switch. Based on UE capability signalling, NW can use RRC signalling to configure UE operate in a certain mode, i.e., option 1 or 2. The UE capability signalling information could include whether the UE can support option 1, 2, or both, or none of them.  



	Ericsson
	Option 1
	

	vivo
	Option 1(slightly preferred)
	Option 1 may have some issue with error propagation due to missing grant, while option 2 would cause unnecessary switching, thus option 1 is slightly preferred. 


Issue #3: TP on the additional time for PUSCH preparation procedure.

Based on RAN1 #99 agreements, 
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 in section 6.4 in TS38.214 needs to be modified by adding a new component. Two options are proposed [6]

 REF _Ref33372676 \r \h 
[9]

 REF _Ref33380285 \r \h 
[8]

 REF _Ref33380276 \r \h 
[11].
Option 1:
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Option 2:
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Companies are invited to provide views on the above options.

	Companies
	Preferred option
	Comments

	ZTE
	
	Whether the PUSCH preparation time can be embedded into the switching period mainly depends on UE implementation. If this is not possible, then we slightly prefer Option 2 since RAN4 defines the switching period in the unit of us.

	Huawei, HiSilicon
	Either is OK (Opt.1 needs revision on Tswitch)
	Suggest a revision to T_switch: The T_switch of Option 2 has a unit of time such as us, but the T_switch of Option 1 is different. For Option 1, better to notate it with different name like N_switching, and define the N_switching as the round-up ratio of the T_switch (of Option2) divided by the OFDM symbol duration [image: image5.png](2048 + 144) - g 27



, i.e. N_switching has a unit of OFDM symbol.

	OPPO
	Fine with both
	The only difference between the two options are the unit of T_switch 

	MediaTek
	Option 2
	Because it’s expected RAN4 will define the value in the unit of μs and Option 2 introduces less RAN1 spec change. Okay with Option 1 but it may require additional translation for T_switch from μs to OFDM symbols based on the SCSs of active UL BWPs in two uplinks.

	Nokia
	Fine with both
	Decision is not critical though. Assuming the update is needed, the implementation can be left to the editor based on the unit of T_switch

	Samsung
	Either is okay
	We are fine with either Option 1 or 2.

	Qualcomm
	Option 1
	Option 1 is preferred because the switching period discussed in RAN4 should be rounded up to next integer symbol when it’s calculated into the RAN1 spec. the round up operation will rely on the numerology.

	Ericsson
	Fine with both
	


In addition, [8]

 REF _Ref33380276 \r \h 
[11] provide text proposals for the additional time for PUSCH preparation procedure. 

Companies are invited to provide views on the text proposals.
	Companies
	Comments

	ZTE
	The final TP for PUSCH preparation time largely depends on the final solutions companies prefer.
Maybe we could discuss the TP after we have finalized the detailed solution for this issue.

	Huawei, HiSilicon
	We appreciate the efforts of [8] for providing a TP for better discussions, which help us much to align our views on interpretation of agreements and potential designs. We would like to comment on the sentence in [8] “and configured with a switching gap for the serving cell with the PUSCH transmission,”, in our understanding, it is not necessary because
· The other uplink (more general term than serving cell) not configured with switching gap will also require increment of T_proc,2 as long as uplink switching is triggered because an additional hardware switching is needed and it causes increment of T_proc,2.
· For the uplink configured with a switching gap, the increment is not always needed, for example in case of no UL switching, i.e. consecutive UL scheduled on the uplink, it is agreed that there is no uplink switching, thus no additional increment of T_proc,2 on the uplink.

· It is agreed that the increment time is due to uplink switching. Suggest that the condition for the presence of increment is replaced with something like “uplink switching”. We tried similar wording in [11], your comments are welcome.

It will be surely helpful to make consensus on the wording of presence of the increment of T_proc,2, therefore, we have the following proposal,

Proposal, 

If the TP is not discussed, as least make an agreement on the wording of the conditions of presence of the increment of T_proc,2, like we suggested in the last proposal to issue#2

	OPPO
	Share the same view as ZTE. We can discuss the TP(s) later

	MediaTek
	Share the same view as ZTE & OPPO.

	Nokia
	Share the same view as ZTE and Oppo

	Samsung
	Share the same view as ZTE, Oppo, and Nokia.

	Qualcomm 
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, where

· Tswitch is the smallest integer such that Tswitch symbols in the SCS that is the lower of the two carriers involved in the switching operation is not less than the switching gap defined in 38.101-1, if the transient period is configured outside of the UL phase
· Tswitch = 0 , otherwise

	Ericsson
	OK to discuss later


Other issues
Companies are invited to provide views on other issues not covered above.
	Companies
	Comments

	MediaTek
	In addition to PUSCH preparation time, the impacts on the preparation time for DCI-triggered PRACH transmission, HARQ-ACK transmission & aperiodic SRS transmission should be studied though not sure if it’s already discussed in last RAN1 meeting.

	Qualcomm
	The determination of Case 1 vs. Case 2 made once and is not updated during a validity period, where

· the first validity period is the UL phase (UL slots plus UL part of special slot in carrier 2), and

· the second validity period is the time complementary to the first validity period

The determination of Case 1 vs. Case 2 is based on information related only to the first slot of a validity period

	
	

	
	


3      Proposals
Based on the inputs, proposals are summarized as follows:
Proposal 1:
· If uplink Tx switching is triggered, the length of the additional time for PUSCH preparation procedure equals to the length of UL switching period.
Proposal 2:
· The state of Tx chains of last UL transmission is assumed in case of no UL transmission.

Proposal 3:
· Uplink switching is triggered and additional time is needed for PUSCH preparation procedure in the following cases:
· For SUL

· The current transmission occasion and the last transmission occasion are not consecutive, but on different uplink carrier

· The current transmission occasion and the last transmission occasion are consecutive, but on different uplink carrier
· For UL CA/EN-DC: FFS

Proposal 4:
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If uplink Tx switching is triggered, 
[image: image8.wmf]2,3
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is the round-up ratio of the length of switching period divided by the OFDM symbol duration 
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, otherwise .

Proposal 5: Clarify the agreement with changes in red
Agreements:

· For standalone SUL, if UL switching period is configured by RRC

· The switching period is not always applicable on the carrier configured with switching period.

· The switching period is only applicable when the scheduled UL transmissions are switched between 1Tx carrier 1 and 2Tx carrier 2.

· For each UL transmission occasion on a carrier, the existence of the switching period is determined one time every occasion.

· Note: 2Tx carrier 2 refers to an UL carrier capable of 2 Tx chains and both 1-port and 2-port UL transmissions.

After further discussion, proposals are revised as follows:

Proposal 1:
· If uplink Tx switching is triggered, the length of the additional time for PUSCH preparation procedure equals to the length of UL switching period.

Although concerns have been raised, companies would like to compromise to support this proposal.

Proposal 2:
· For SUL, if uplink Tx switching is configured, the state of Tx chains of last UL transmission is assumed in case of no UL transmission.

· Work assumption: For inter-band UL CA, if uplink Tx switching is configured, the state of Tx chains of last UL transmission is assumed in case of no UL transmission. It can be revisited in RAN1#100bis.
Revised based on the comments.
Proposal 3:
· Uplink switching is triggered and additional time is needed for PUSCH preparation procedure in the following cases:
· For SUL

· The current transmission occasion and the last transmission occasion are not consecutive, but on different uplink carrier

· The current transmission occasion and the last transmission occasion are consecutive, but on different uplink carrier
· For UL CA/EN-DC: FFS
Nokia, ZTE and Qualcomm have concerns on the commonality among SUL, UL CA and EN-DC.
Proposal 4:
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FFS: the relation between 
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 and the length of switching period.
Revised based on comments.

Proposal 5: Clarify the agreement with changes in red
Agreements:

· For standalone SUL, if UL switching period is configured by RRC

· The switching period is not always applicable on the carrier configured with switching period.

· The switching period is only applicable when the scheduled UL transmissions are switched between 1Tx carrier 1 and 2Tx carrier 2.

· For each UL transmission occasion on a carrier, the existence of the switching period is determined one time every occasion.

· Note: 2Tx carrier 2 refers to an UL carrier capable of 2 Tx chains and both 1-port and 2-port UL transmissions.
4      Agreements

In RAN1 #100 e-meeting, following agreements have been achieved:
Agreements:

· If uplink Tx switching is triggered, the length of the additional time for PUSCH preparation procedure equals to the length of UL switching period.

Agreements:

· For SUL, if uplink Tx switching is configured, the state of Tx chains of last UL transmission is assumed in case of no UL transmission.

· Working Assumption: For inter-band UL CA, if uplink Tx switching is configured, the state of Tx chains of last UL transmission is assumed in case of no UL transmission. It can be revisited in RAN1#100bis.

Agreements:

Clarify the agreement with changes in red
Agreements:

· For standalone SUL, if UL switching period is configured by RRC

· The switching period is not always applicable on the carrier configured with switching period.

· The switching period is only applicable when the scheduled UL transmissions are switched between 1Tx carrier 1 and 2Tx carrier 2.

· For each UL transmission occasion on a carrier, the existence of the switching period is determined one time every occasion.

· Note: 2Tx carrier 2 refers to an UL carrier capable of 2 Tx chains and both 1-port and 2-port UL transmissions.
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6      Appendix
	Companies
	Views

	Nokia, Nokia Shanghai Bell (R1-2000552)
	Additional UE PUSCH preparation procedure time: It was never clear why the RF transient due to the uplink transmitter being switched from one carrier to another requires additional BB processing time for the PUSCH packet preparation and encoding. The negative implication of the additional delay to the system is that the gNB has to treat the switching UEs differently and budget more time from the PDCCH to PUSCH than the baseline Rel-15 UEs. If multiple times were to be defined, it is likely that the network would be implemented assuming one time only, either assuming the worst case, and UEs not suffering from the additional processing latency would be penalized according to the worst UEs, or assuming something faster than the worst case and regarding the UEs with worse processing time as not supporting the feature.

Proposal: The additional UE PUSCH preparation procedure time is minimized, and only one value, preferably zero,  is defined.

Time from the PDCCH to the switching gap: The question of how much before the switching gap must the PDCCH leading to the switch must be received should be answered. Natural assumption would be that the PDCCH-to-PUSCH time must be satisfied, and the PDCCH-to-start_of_the_switching_gap is equal to the PUSCH preparation procedure time - the switching time.

Proposal: The minimum time between the PDCCH triggering the UL switch and the start of the UL switching gap is equal to the PUSCH preparation procedure time - the switching time.

	China Telecom (R1-2000597)
	From our perspective, if the UL switching period is configured by RRC and the UL switching period actually exists, the additional time for PUSCH preparation procedure equals to the length of UL switching period. 
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Where 
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is the length of UL switching period based on UE capability report.

Proposal 1: The length of the additional time for PUSCH preparation equals to the length of UL switching period.

	Ericsson (R1-2000883)
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If the UE is configured with multiple uplink carriers or EN-DC, and configured with a switching gap for the serving cell with the PUSCH transmission,   
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 is given by the parameter <switching_time_case1_case2> supported by the UE; otherwise 
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	OPPO (R1-2000940)
	Proposal 1: When UL switching period exists due to Tx switching, the length of Tx switching time is added to the current PUSCH preparation procedure as follows
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	Qualcomm (R1-2000949)
	Proposal 9: the preparation time should be measured with the reference point at the start of the transient time corresponding to the applicable allowed switch boundary and the value should be rounded up to next integer symbol.
Proposal 10: the observation period for an allowed switch boundary is 

· Option 1: first TDD slot after the allowed switch boundary

· Option 2: first TDD slot after the allowed switch boundary and any other TDD slots after the allowed switch boundary for which the grant was received at the same time as the grant for the first slot 

· Among these two options we prefer Option 1 for simplicity. 

	Huawei, HiSilicon (R1-2001026)
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· For a UE configured with SUL and [RRC parameter Tx switching], if the last transmission occasion occurred on a different uplink from the current PUSCH transmission, then [image: image23.png]Nwitching



 equals to the round-up ratio of the reported switching time/[UE_cap_switching_time] divided by the OFDM symbol duration [image: image25.png](2048 + 144) -x27%



, otherwise [image: image27.png]Nawitching = 0



.
· For a UE configured with EN-DC and [RRC parameter Tx switching], if the last UL transmission in is E-UTRA transmission, then [image: image29.png]Naitching



 equals to the round-up ratio of the reported switching time/[UE_cap_switching_time] divided by the OFDM symbol duration [image: image31.png](2048 + 144) - x27#



, otherwise [image: image33.png]Navitching = 0-
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